Female sex workers (FSWs) in sub-Saharan Africa are disproportionately affected by HIV and gender-based violence (GBV). Substance use overlaps with these co-occurring epidemics to further increase FSWs' risk for negative health outcomes. We explored the relationship between substance use, GBV, and consistent condom use utilizing baseline data from a cohort of 496 FSWs in Tanzania. Results demonstrate high levels of alcohol use and GBV, and low levels of consistent condom use. Frequent intoxication during sex work was associated with increased odds of recent GBV (aOR 1.64, 95% CI 1.07, 2.49; p value 0.02) and reduced odds of consistent condom use with clients (aOR 0.58, 95% CI 0.37, 0.92; p-value 0.02). We adapt the risk environment framework to contextualize our findings in the social and structural context and to gain insight into intervention approaches to address the intersecting challenges of substance use, GBV, and HIV among FSWs in Tanzania and similar settings.
Introduction
Female sex workers (FSWs) bear a disproportionate burden of HIV globally. In low and middle-income countries, FSWs have 13.5 times the odds of HIV infection compared to the general female population [1] . FSWs in sub-Saharan Africa (SSA) have the highest burden of HIV, with an HIV prevalence of 29% [2] .
The high burden of HIV among FSWs in SSA is shaped by the social and structural context in which sex work occurs. Criminalization of sex work, which fosters stigma and discrimination towards FSWs [3] [4] [5] , poverty [6] [7] [8] , and gender inequality [9, 10] , all inhibit HIV preventative behaviors such as condom use [4, 11] .
High rates of gender-based violence (GBV) (i.e. physical or sexual violence) against FSWs may also contribute to increased risk for HIV among this population [12, 13] . Globally, FSWs experience a disproportionate burden of GBV due to their marginalized status in society [4, 14] . Violence can increase FSWs' risk for HIV directly, through forced sex, and indirectly through increased HIV risk behaviors including unprotected sex [15] .
Substance use is associated with both GBV and unprotected sex among FSWs in SSA [16] [17] [18] [19] . Alcohol is the most common substance used among FSWs in SSA, and has been shown to limit FSWs' ability to successfully negotiate and use condoms, ultimately increasing their risk for HIV [16] [17] [18] . Evidence also suggests that alcohol use increases FSWs' risk for GBV [16, 20, 21] . Qualitative research describes how clients encourage FSWs to drink to the point where they lose consciousness, which renders them vulnerable to rape [22, 23] . Alcohol consumption may also impair FSWs' ability to detect the risk of violence and escape a risky situation [17, 24] .
While research from SSA has examined how substance use, including alcohol use/abuse, is associated with both GBV and HIV risk among FSWs [16, [18] [19] [20] [21] , few studies have examined the intersection of substance use, GBV and the potential for increased HIV risk among this population. To enhance our understanding of these dynamics, this paper examines the relationship between substance use, GBV, and consistent condom use with clients among FSWs in Iringa, Tanzania.
Prior interventions have sought to address the overlapping epidemics of substance use, violence and HIV among FSWs [25, 26] , and have demonstrated promise in reducing short-term alcohol consumption. However, these individuallevel interventions did not consistently reduce violence or unprotected sex among FSWs. To achieve substantial and sustainable reductions in alcohol consumption, violence, and unprotected sex, interventions may need to address the social and structural context in which sex work occurs [24] . As a first step in developing an effective solution to the overlapping epidemics of substance use, violence, and HIV among FSWs, we must understand how aspects of the sex work environment impact alcohol consumption, violence, and HIV risk behaviors among FSWs and their clients. To this end, we explore the social and structural factors associated with violence and condom use among FSWs, and utilize an adapted version of the risk environment framework [27] to contextualize our findings in the social and structural context in which sex work occurs.
The Risk Environment Framework
The risk environment framework was originally developed to understand how social and structural factors shape individual's risk for drug use and HIV [27] . Although this framework was conceptualized in relation to drug use, the core principles of this framework can be applied to understand other health issues. We adapt this framework to contextualize our findings in the broader social and structural environment and gain insight into potential interventions to limit substance use, and prevent GBV, and HIV among FSWs in Tanzania and similar settings.
Methods

Study Setting
This study was conducted in the Iringa region of Tanzania, which is bifurcated by the Tanzanian-Zambian (Tan-Zam) highway. The majority of FSWs in Iringa are employed as barmaids in the bars that line the Tan-Zam highway, where they sell alcohol to migrant workers/truck drivers and meet clients. Evidence suggests that FSWs in Iringa have some of the highest rates of alcohol consumption and GBV in the country [28] . With an HIV prevalence of 32.9%, FSWs in Iringa are also one of the FSW populations most impacted by HIV in Tanzania [28] .
Sampling
This study utilized baseline data from 496 FSWs enrolled in a phase II community-randomized controlled trial of a community-based combination HIV prevention model, Project Shikamana (Kiswahili for 'stick together'), in Iringa, Tanzania [29] .
Two geographically distant communities, matched on demographic characteristics and level of HIV risk, were randomized to either the intervention or the control condition. FSWs were recruited from entertainment venues in the two participating communities, including bars, guesthouses, and clubs. Venue-based time location sampling (TLS) was used to enroll a cohort of 203 HIV-infected and 293 HIV-uninfected women. Women were eligible to participate in the study if they were: ≥ 18 years, reported exchanging sex for money in the last month, worked at an identified venue in one of the two study communities, and provided informed consent.
Data Collection
Eligible participants provided informed consent and completed baseline surveys in a private location in or near the venue where they work, or at the study's local office. The interviewer-administered survey was conducted in Kiswahili and assessed HIV risk behaviors, experiences with GBV, and substance use. Responses were recorded onto a secure tablet and uploaded to a secure database upon completion of the survey. All data were de-identified using unique participant identifiers. Finally, consenting participants were counseled and tested for HIV following the Tanzanian National guidelines.
Measures
Outcome Variables
Outcome variables included recent experiences of physical or sexual GBV from any perpetrator, defined as occurring 1 3 in the past 6 months, and consistent condom use with all clients in the past 30 days. GBV was measured using the previously validated 16-item World Health Organization (WHO) scale measuring experiences of physical and sexual violence against women [30] , adapted for the Tanzanian context based on our formative work. The scale measured seven types of physical violence, ranging from being slapped to having a weapon used against you, as well as sexual violence. For each type of violence, participants were asked if they had experienced that type of violence ever and in the past 6 months. Responses to items regarding experiences of physical or sexual violence in the past 6 months were summed and dichotomized to represent any or no recent experiences of violence.
Consistent condom use was measured using two questions adapted from the previously validated assessment from the NIMH-Project Accept Study [31] . Participants were asked how often they use condoms during vaginal sex with new and regular clients in the past 30 days. Answer choices ranged from 0 (never) to 4 (always). Responses for regular and new clients were combined to create a dichotomized variable indicating consistent (always) or inconsistent condom use (less than always) with all client types.
Independent Variables
The main independent variable of interest was substance use, which was operationalized as the frequency of intoxication from either drugs or alcohol during sex work in the past 30 days. This was measured by the question 'In the past 30 days, out of all the times you exchanged money for sex, how often were you intoxicated (i.e. drunk or high)?' Response options ranged from 0 (never intoxicated) to 5 (always intoxicated). Infrequent intoxication was defined as never/rarely/sometimes being intoxicated during sex work, and frequent intoxication was defined as almost always/ always. We collapsed sparse categories of the original variable to determine the cutoff for dichotomization.
Additional independent factors included internalized sex work stigma, social cohesion, as well as socio-demographic and work environment characteristics. Internalized sex work stigma, which refers to FSWs' acceptance of the negative attitudes society holds about them, was measured using a reliable (α = 0.86) and valid [32] 13-item scale adapted from an internalized HIV stigma measure informed by the work of Berger [33] . The same questions asked in the HIV self-stigma measure were re-worded in relation to sex work. Participants rated how much they agreed with each statement using a 4-point Likert scale. Scores on each item were summed to obtain the overall continuous internalized sex work stigma score.
Social cohesion (α = 0.86) was measured using a 9-item scale developed by the last author and previously validated among FSWs in Brazil [34, 35] . Participants rated their agreement with statements related to mutual aid, support, and trust among their sex worker colleagues, using a 4-point Likert scale. Scores on each item were summed to obtain the overall continuous social cohesion score.
Socio-demographic characteristics assessed included age, average monthly income, and knowledge of HIV serostatus. Age was a continuous variable, and average monthly income was dichotomized at the median such that those earning 120,000 Tsh (~ 54 USD) or more were compared to those earning less than 120,000 Tsh per month. Knowledge of HIV status was assessed by comparing self-reported HIV status to the result from the rapid HIV test administered at enrollment [29] . A categorical variable was created to represent HIV negative status (0), tested HIV positive but did not report HIV positive status (not aware of status or unwilling to report) [1] , and tested HIV positive and reported HIV positive status (aware of status and willing to report) [2] .
Work environment covariates included having ever been denied payment for sex work, frequency of clients expecting FSWs to consume alcohol/drugs during sex work, and access to condoms. Participants reported whether they had ever been denied payment from a client. Client expectations of FSW substance use during sex work was measured by the question: 'In the past 30 days, how often does a client want or expect you to drink or use drugs with him?' Answer choices ranged from 0 (never)-4 (always). Based on the distribution of the original categorical variable, this measure was dichotomized so FSWs who said clients almost always/always expected them to use substances were compared to FSWs who said this never/rarely/sometimes happened. Access to condoms was measured by asking women if they felt they had access to condoms when they needed them in the past 6 months. Answer choices ranged from 0 (no access)-3 (somewhat easy access). This variable was dichotomized to represent difficult or no access (0) and somewhat easy access [1] , based on the distribution of the original categorical variable.
Data Analysis
Bivariate logistic regression models were used to determine the association between the independent variables and the outcomes of interest. We initially sought to explore whether GBV mediated the relationship between substance use and consistent condom use. However, in the bivariate analysis, recent GBV was not significantly associated with consistent condom use with clients in the past 30 days, making us unable to conduct a mediation analysis [36] . An interaction term between frequency of intoxication during sex work and recent GBV on consistent condom use was also explored. However, it was not significant, and was therefore not included in the multivariable analysis.
Ultimately, two separate analyses were conducted, with recent GBV as the outcome for the first model, and consistent condom use with all clients in the past 30 days as the outcome for the second model. Frequency of intoxication during sex work was the main independent variable for both models.
The two multivariable models controlled for socio-demographic characteristics and independent variables of interest. Variables were included in the multivariable model if they had a p-value less than or equal to 0.1 or were deemed theoretically important. Community was included in the multivariate models because the study design was based on the purposive selection of the two communities. Generalized estimating equations (GEE) with robust variance estimates were used to adjust for the within-venue, intra-class correlation related to our outcomes of interest [37, 38] .
To better understand the overlapping relationships between GBV, intoxication and condom use we conducted additional sensitivity analyses by stratifying the adjusted analysis of intoxication during sex work on consistent condom use by recent GBV. Data analysis was conducted using STATA 13 [39] .
This study received human subjects research approval from the Institutional Review Boards (IRBs) of the Johns Hopkins Bloomberg School of Public Health, the Muhimbili University of Health and Allied Sciences Directorate of Research and Publications, and the National Institute for Medical Research of Tanzania. All procedures performed in this study were conducted in accordance with the principles outlined in the Declaration of Helsinki.
Results
Sample Characteristics
The median age of the sample was 25 years old (Interquartile range (IQR) 22-30 years) ( Table 1) . Over half of the sample (62%) were employed as barmaids by a venue that sells alcohol, and 91% met their clients in these venues. Forty-two percent of the participants reported that they were frequently intoxicated during sex work in the past 30 days. Alcohol consumption was more common than drug use among this sample: 97% reported drinking at least one alcoholic beverage during a typical day at work, while 7% had ever used drugs. The median internalized sex work stigma score was 39 (IQR 35, 44) , and the median social cohesion score was 21 (IQR 18-24). The HIV prevalence at baseline was 41%.
Of the 203 women who tested positive for HIV, 31% (n = 63) were aware of their HIV positive status. Physical or sexual violence was experienced by 40% of FSWs in the past 6 months. Finally, 32% of the sample reported consistent condom use with all clients in the past 30 days.
Results from Model 1: Recent GBV as the Outcome
Results from the bivariate and multivariable logistic regression analyses with recent GBV as the outcome are displayed (17) in 
Discussion
Findings from this study suggest that frequent intoxication during sex work is associated with increased risk for both recent GBV and unprotected sex among FSWs in Iringa, Tanzania. Results also suggest that aspects of the sex work environment, including denial of payment for sex work completed, internalized sex work stigma, and monthly income, are associated with GBV and consistent condom use with clients among FSWs in this setting. Interestingly, findings from the sensitivity analysis suggest that frequent intoxication during sex work is associated with significantly reduced odds of consistent condom use with clients among women who experience recent GBV, but not among those who have not experienced recent GBV. This finding suggests that the overlapping experience of GBV and frequent intoxication may place FSWs at heightened risk for unprotected sex. Prior research has demonstrated that GBV is associated with unprotected sex with regular non-paying partners among FSWs who abuse alcohol [13] . Our findings build upon this past research by suggesting that the intersection of GBV and alcohol use may also influence condom use among clients. This is of particular importance given prior work suggesting that alcohol use plays a central role in the sex work negotiation process with clients in this context [40] .
In the following section, we apply an adapted version of the risk environment framework to contextualize our findings in the broader social and structural sex work environment and gain insight into intervention approaches to limit substance use and prevent GBV and HIV among FSWs in Tanzania and similar contexts [27] . Figure 1 outlines a risk environment that comprises four types of environments (physical, social, economic, and policy) that intersect with levels of environments (micro and macro) to increase risk or protective factors for substance use, GBV, and HIV among FSWs in Iringa, Tanzania [27] .
Policy Environment
Sex work is criminalized in Tanzania, as in many other African countries, which has broad reaching implications for FSWs' ability to access their human and labor rights [3] [4] [5] . The International Labor Organization (ILO), under labor code 200, recognizes sex work as a legitimate form of work entitled to the right to fair wages and a safe work environment, including access to HIV prevention and treatment and freedom from violence [41] . However, when sex work is not viewed as a legitimate form of work under the eyes of the law, FSWs have limited ability to demand these rights. Evidence suggests that criminalization limits FSWs' ability to demand condom use with their clients and payment for sex work [5, 42] . It is possible that these factors contribute to our findings that only 32% of FSWs in this sample consistently use condoms with their clients in the last 30 days, and over one-third have been denied payment for sex work they have already completed.
Furthermore, FSWs face significant barriers to accessing justice for violence perpetrated against them due to the Fig. 1 Risk environment framework for substance use, gender-based violence, and HIV among female sex workers criminalization of their work and their marginalized status in society [3] . Although laws that provide protection to survivors of violence exist in Tanzania [43] , their effectiveness is undermined by inconsistent enforcement [3] . When perpetrators are not held accountable for violence against FSWs, abuses are allowed to continue with impunity. Such dynamics may have contributed to the high rates of violence reported in this study.
Criminalization of sex work also limits FSWs' access to HIV services such as HIV testing, due to fear or actual experiences of stigma and discrimination or denial of services by health care providers [42, 44] . Prior research has demonstrated the positive effects HIV testing can have on condom use and other HIV prevention behaviors [45, 46] . In this sample, only 31% of the FSWs who tested positive for HIV were aware of their status, suggesting very low rates of HIV testing or, possibly, an unwillingness to disclose. Yet the few FSWs who were aware of their HIV positive status were significantly more likely to engage in consistent condom use with their clients, even in the context of recent GBV. This finding supports the importance of HIV testing services to be made widely available to FSWs, as it may contribute to improved condom use among this population, in addition to serving as a gateway to treatment services. Further research is also needed to understand how FSWs living with HIV are able to engage in consistent condom use with clients even when they experience GBV. Such research could shed important insights into potential intervention strategies.
Physical Environment
Iringa's location along the Tan-Zam highway brings high levels of mobility and migration through the region, increasing the demand for sex work [47] . The majority of sex workers in this sample work as barmaids in the modern and traditional bars that line the highway where they sell alcohol and meet their sex work clients. Prior qualitative work in Iringa suggests that clients typically buy FSWs alcoholic beverages in order to initiate the sex exchange process [40, 44] . Indeed, 66% of the women in our sample reported that their clients expect them to consume alcohol during sex work. These dynamics illustrate how the physical sex work environment (i.e. bars along the Tan-Zam highway) may intersect with the social environment (i.e. norms about alcohol consumption during work) to facilitate alcohol consumption during sex work. As our findings suggest, intoxication during sex work is associated with increased risk for both GBV and HIV among this population.
Social Environment
Criminalization of sex work fosters stigma and discrimination towards sex workers [3] [4] [5] . Our findings suggest that some FSWs internalize this stigma, and that this is associated with increased risk for violence. Few studies have explored the relationship between internalized sex work stigma and GBV [14] . However, in a qualitative study among FSWs living with HIV in Canada, Logie and colleagues found that FSWs with internalized HIV-related stigma frequently reported being in, and remaining in, violent relationships [48] . In a similar vein, our findings suggest that internalized sex work stigma is associated with increased risk for GBV.
It is also possible that the positive relationship between internalized sex work stigma and GBV reflects the emergence of internalized sex work stigma as a result of experiences with GBV. In contexts where sex work is criminalized and highly stigmatized, violence against FSWs is often a form of enacted sex work stigma, and regularly occurs with impunity [4, 49] .
Our findings also suggest that FSWs who were aware of their HIV-positive serostatus had significantly increased odds of recent GBV compared to HIV-negative FSWs. This finding is supported by prior research among the general female population, which indicates that women living with HIV are at increased risk for GBV due to HIV stigma and relationship conflict brought on by partner disclosure [50, 51] . It is possible that stigma and discrimination towards sex workers intersects with HIV stigma to place FSWs living with HIV at increased risk for GBV. It is also possible that a similar mechanism described by Logie and colleagues [48] is at play; namely, FSWs may be internalizing HIV-related stigma and staying in abusive relationships.
Although we did not measure gender norms in our study, it is important to acknowledge that inequitable gender norms intersect with stigma and discrimination against sex workers to place FSWs at increased risk for GBV [52, 53] .
At the micro-level, we also found that FSWs who had not experienced recent GBV and were in a steady relationship or married had significantly increased odds of consistent condom use with clients, compared to FSWs who were single. It is possible that women who were in steady relationships were engaging in HIV prevention behavior with their clients in order to protect their steady partners. While this relationship did not persist among FSWs who experienced recent GBV, it is worth further research as it could inform future HIV prevention interventions among FSWs.
Economic Environment
As described above, criminalization of sex work compromises FSWs' labor rights, as defined by the ILO, including access to fair wages and a safe work environment [41] . Our findings suggest that denial of payment for sex work already completed is associated with increased risk for GBV. In contrast, earning a higher monthly income is associated 1 3 with significantly increased odds of consistent condom use with clients. Taken together, these findings suggest that labor rights, including access to payment for sex work, might play a critical role in reducing FSWs' risk for HIV and GBV.
We had two unexpected findings. First, we found that social cohesion was associated with increased odds of recent GBV. This finding is not in line with prior research, which suggests that social cohesion among FSW communities facilitates violence prevention [35, 54, 55] . However, due to the cross-sectional nature of this study we are unable to determine temporal order. It is therefore possible that our finding reflects an organic emergence of mutual aid and support (i.e. social cohesion) that resulted from experiences with GBV. Further research, including longitudinal analyses, is needed to explore this relationship.
Second, GBV was not significantly associated with consistent condom use in this study. This finding held when we stratified by demographic variables, as well as severity and frequency of violence. This is contrary to prior research, which suggests that GBV is associated with inconsistent condom use among FSWs and their sexual partners [12, 15] . Importantly, some of this work has yielded partnerspecific results related to violence and condom use [13, 56, 57] . Unfortunately, our data lacked specificity regarding perpetrator type (e.g. non-paying partner, new client, etc.), which may have weakened our ability to detect a significant relationship between GBV and consistent condom use with clients. Future studies should assess whether perpetrator type influences the relationship between GBV and consistent condom use among this population.
Implications for a rights-based approach to prevent HIV and GBV among FSWs
The risk environment framework emphasizes the potential for creating safe and supportive environments by addressing the social situations and structures that promote risk [27] . Rights-based, community empowerment approaches, which provide opportunities for sex workers to come together in solidarity to address the social and structural barriers they face to their health and human rights, have shown promise in addressing the social and structural factors described above that increase FSWs' risk for GBV and HIV. Interventions that have adopted this approach have reduced violence and increased condom use among FSWs across a number of contexts [58] [59] [60] [61] [62] . However, few community empowerment approaches in the literature have explicitly addressed the overlapping epidemics of substance use, violence, and HIV among FSWs [5, 58] . Our findings suggest the need for future community empowerment initiatives to address the role substance use, particularly alcohol use, plays in increasing FSWs' risk for GBV and unprotected sex in SSA.
Strengths and limitations
It is important to acknowledge the limitations of this study. First, the cross-sectional nature of this study limits our ability to establish temporal order, and therefore draw causal conclusions about the relationship between substance use, GBV, and consistent condom use. Furthermore, the self-report of GBV, consistent condom use, and substance use, may have introduced some social desirability bias into our findings. To minimize this potential bias, interviewers were trained to establish trust and rapport with participants, and ask questions about GBV in a sensitive manner. Finally, as described above, our inability to account for perpetrator type in our analysis of the relationship between GBV and consistent condom use with clients is another limitation of this study.
Despite these limitations, this study has a number of strengths. This is study contributes to our knowledge regarding the way in which substance use influences the co-occurring epidemics of GBV and HIV among FSWs in SSA. Additionally, our study sheds light on the important role of internalized sex work stigma on the experiences of violence against FSWs in this setting, something that has previously been unexplored.
Conclusion
Results from this study demonstrate that intoxication during sex work is associated with increased risk for both GBV and HIV among FSWs. Findings also suggest that internalized sex work stigma, and denial of payment for sex work are associated with increased risk for GBV, while earning a higher average monthly income is associated with increased odds of consistent condom use with clients. Drawing upon the risk environment framework, we argue that a rights-based community empowerment approach is needed to address the effects of the sex work environment on FSWs' risk for substance use, GBV, and HIV. Such approaches should facilitate the opportunity for sex workers to come together as a community to mobilize their collective power and resources to fight for their right to a safe and supportive working environment.
